Hormone receptor (H-R) complexes internalize into the cytoplasm in clathrin-coated vesicles (Pastan & Willingham, 1981) and acidification to pH 5.0 occurs within 5min in a pre-lysosomic compartment (Maxfield, 1982) . Geuze et al. (1983. 1984) have demonstrated that the coated vesicles transfer the H -R complexes to an acidic organelle system termed CURL (compartment for uncoupling of receptor and ligand) that facilitates H-R dissociation.
Monensin. a carboxylic ionophore that preferentially exchanges Na' for H i ions (Pressman. 1976) , inhibits dissociation of internalized H-R complexes. This monensin effect is not dependent on the presence of ligand and will also prevent cycling of unoccupied receptors to the membrane (Wileman ct a/., 1984).
We have previously reported on the action of phenylarsine oxide (PhAsO) on insulin-stimulation of glucose transport in rat adipocytes (Douen &Jones, 1986) , in which we showed that PhAsO inhibited D-glucose uptake and in insulin-stimulated cells, inhibition of transport activity by low concentrations of PhAsO was transient. Here the combined action of insulin, monensin and PhAsO has been employed to further investigate the mechanism of transporter recruitment.
The method of adipocyte preparation and D-glucose uptake measurements have been previously described (More & Jones. 1983) . When adipocytes were treated with insulin a redistribution of the insulin receptors and D-glucose transporters between the plasma membrane and intracellular stores occurs, resulting in 65% of receptors being internalized within 15min (Knutson et al., 1983 ) with a four-to five-fold increase in transporters in the membrane (Simpson C I a/., 1983). Since a monensin concentration of 6 p~ is effective in deacidifying endocytotic vesicles by raising the pH to above 6.0 within I-2min (Maxfield, 1982) , then treatment of cells with monensin at this stage should trap internalized insulin-receptor complexes and also prevent 'free' receptors from cycling to the membrane (Wileman et al., 1984) .
Treatment of basal or insulin-stimulated cells with monensin (25-lOOp~) for 20min did not inhibit D-glucose uptake (Fig. la) . This suggests that, in the case of insulinstimulated cells, either: (a) the hexose carriers initially sequested to the surface are still present and function in the membrane 20min after the addition of monensin, (b) the internalized complexes are still biologically active, or (c) changes in the cytoplasmic ionic environment caused by the ionophore may affect other ion concentrations, e.g. Ca2+, that might play an important role in transporter translocation (Klip, 1984) .
Treatment of insulin-stimulated cells with 1 pM-PhAsO
Abbreviations used: H-R. hormone-receptor, CURL, compartment for uncoupling of receptor and ligand; PhAsO, phenylarsine oxide. .. basal level in the presence of monensin ( 2 5~~ for 20min); 0 , 11-glucose uptake after insulin-stimulation (100 IIM for 20 min); 0, cells treated with insulin (100 n M ) for 20min. then monensin ( 2 5~~) for 20min. ( h ) Effect of PhAsO and monensin on thc stereospecific uptake of D-glucose in insulin-stimulated rat adipocytes. Cells treated with insulin (100 n M ) for 20min, then monensin (25 PM) for 20 min followed by PhAsO. st glucose uptake was measured for 60s at specific time intervals after addition of PhAsO. caused significant inhibition within 1 min, but transport activity recovered to 90% of the initial activity within 20min (Douen &Jones, 1986) . We speculated that recovery was due to internalized receptors, unaffected by PhAsO, recycling to the surface, binding insulin and causing recruitment of transporters.
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PhAsO (1 p~) added to cells treated first with 1 0 0 n~-insulin for 20 min then 25 pwmonensin for 20 min, caused a marked inhibition of D-glucose transport within 2 min as expected (Fig. Ib) , and here again the transport activity begins to recover and returns to approx. 90% of its original activity. In this case monensin inhibits receptor recycling, while PhAsO inhibits the initial membrane-bound transporters. However, recovery of transport activity is still occurring, suggesting that the internalized insulin-receptor complexes may continue biological signalling causing translocation of the carriers to the plasma membrane. This observation is consistent with the work of Ueda et ul. (1985) , who studied the effects of monensin on insulin processing in adipocytes and suggested that the internalized insulinreceptor complex may have some physiological activities.
In view of the current recruitment hypothesis (Kono et ul., 1981 , Karnieli et ul., 1981 and the reported biological effects of monensin. our data indicate that the internalized insulin-receptor complex may continue signal transduction.
M ucin secretion from rat submandibular acini is stimulated by P-adrenergic agonists, which increase cyclic AMP concentrations and cell Ca'+ mobilization (Quissell et ul., 1981; McPherson & Dormer 1984) . We have recently shown (McPherson et ul.. 1985u,h ) that submandibular acinar cells from cystic fibrosis (CF) patients exhibit a decreased fladrenergic response compared with control cells, which can be overcome by the addition of a cyclic nucleotide phosphodiesterse inhibitor. Whether this abnormality is related to the genetic defect in CF, or caused by secondary disease manifestations, is not known. Chronic (several days) treatment of rats with isoproterenol in vivo elicits morphological and functional changes in the submandibular glands that have been described as resembling those seen in C F (Mangos et ul., 1969; Roscher et ul., 1981) .
The aim of the present report is to investigate whether short-term (up to I h) exposure of rat submandibular acini to a [j-adrenergic agonist in vitro results in decreased /l-responses similar to those seen in CF submandibular acinar cells and whether this is a valid model for investigating CF-like abnormalities.
Rat submandibular acini were prepared as previously described (McPherson et ul., 1983; McPherson & Dormer, 1984) . Mucin secretion was measured (McPherson & Dormer 1984) by incubating acini (IO'jml) in KrebsHenseleit medium (KHB) containing 0.1 mg of soybeam trypsin inhibitor/ml and 2% (w/v) bovine serum albumin, pH 7.5, with D-( +)-['4C]glucosamine (2pCi/ml) for 90min, washing and incubating in non-radioactive KHB medium plus glucosamine for 15 min before experimental manipulation. Mucins in the medium were precipitated using a trichloroacetic acid/phosphotungstic acid solution (10%/0.5%, w/v), dissolved in NaOH(O.5 M) and the radioactivity counted.
Our results (Table 1) show that pretreatment of rat submandibular acini for 45min with isoproterenol at a concentration ( 1 0~~) which gives maximum stimulation of much release (Bradbury & McPherson, 1985) 
( 6 )
reduced secretion in response to isoproterenol or noradrenaline measured during a second incubation, (b) an increase in basal release which persists for up to 40 min after removal of agonist (Table I) , and is blocked by D, I-propranolol ( 3 0~~) (data not shown). Addition of 3-isobutyl-I-methylxanthine (IBMX) at a concentration ( I O~M ) which does not stimulate mucin secretion (N. A. Bradbury & M. A. McPherson, unpublished work) did not reverse the reduced P-response upon a second exposure to isoproterenol.
In summary, short-term (up to 1 h) pretreatment of acini with isoproterenol leads to an increase in basal secretion due to persistent receptor occupancy after removal of agonist, and secondly to a decrease in agonist-induced secretion which is unlikely to be due to increased cyclic AMP phosphodiesterase activity, as it cannot be reversed by IBMX. Thus the desensitization due to isoproterenol exposure in vitro and that of CF tissues appear to be different, and it remains to be established whether isoproterenol-induced desensitization is a valid model for CF.
